between variants was a single amino acid resulting from a codon insertion and 37 overall the amino acid identity among paired microdomains ranged from 18-92%.
Introduction

49
Microbial pathogens utilize diverse mechanisms to persist in their mammalian hosts, 50 evolutionarily driven to increase the likelihood of onward transmission and 51 propagation of self. Antigenic variation is a convergent strategy used by pathogens 52 ranging from RNA viruses to protozoa (1-4). Among bacteria and protozoa, 53 recombinatorial mechanisms are commonly used to generate sequential antigenic 54 variants from otherwise relatively stable genomes (2-5). Illustratively, bacterial 55 pathogens in the genera Anaplasma, Borrelia, Mycoplasma, Neisseria, and 56 Treponema utilize gene conversion of a repertoire of silent alleles into expression 57 sites to encode unique antigenic and structural variants (2-4). Gene conversion is 58 unidirectional, leaving the donor allele unchanged but replacing the expression site 59 sequence (6-8). Thus, the donor alleles are under long-term selective pressure to 60 provide a template for expressing a variant that is sufficiently antigenically unique but 61 also retains a viable structure (Fig. 1A) . Pathogens in these genera also utilize 62 segmental gene conversion, whereby an oligonucleotide segment, representing only 63 a portion of the donor allele, is recombined into the expression site, resulting in a 64 mosaic not present elsewhere in the genome (Fig. 1B,C) (6, 9) . This process of 65 segmental gene conversion has the potential to tremendously amplify the capacity to 66 generate antigenic variants but can be limited by structural constraints as these 67 assembled mosaics, unlike the whole donor alleles, have not been under long-term 68 selection for structural fitness.
69
Using Anaplasma marginale infection in its natural bovine host, Futse et al. 70 demonstrated that a unique Major Surface Protein-2 (Msp2) variant derived from a 71 whole msp2 donor allele was sufficient to evade an existing broad antibody response 72 generated against a repertoire of Msp2 variants (10). The unique donor allele encoded a hypervariable region (HVR) that shared 63% identity with HVRs to which 74 the host had been previously exposed. This level of difference in encoded HVRs is 75 reflected in the allelic repertoire of the multiple examined A. marginale strains, 76 consistent with their deterministic role in antigenic variation (10, 11 (13, 14) and are defined by flanking conserved 106 amino acids, previously designated as "structural tethers" (Fig. 2) . Conservation of sequence alignment was performed on the remaining clusters using Clustal X (17).
118
Default parameters were used except for the scoring matrix, which was changed 119 from the default Gonnet series to the percent accepted mutation (PAM) series. (Fig. 4, Table 2 ). Detailed ELISA data is provided in Fig. S1 . Variant peptides which resulted in a significant decrease in antibody recognition, defined as binding that was statistically significantly less than binding to the homologous St. Maries strain peptide in all biological replicates.
